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as the Montreal Protocol, which
curbed the use of ozone-depleting
chemicals, were wildly successful
because the reduction of the
ozone layer led to increased
incidence of human cancer. In
general, cleaning up the airs and
waters of the world was an easy
sell because of the connection to
human health. But biodiversity and
climate change are not so easily
linked to human self-interest.
Certainly there are connections —
but the connections can be pretty
tenuous, and the sacrifices
required to halt global warming or
prevent species extinctions are
substantial and will be painful for
some sectors. Conservationists
like to pitch win-win solutions [5];
although these solutions exist they
can be very hard to achieve. 
Thus using self-interest to
rationalize and build support for
resource restrictions and
biodiversity protection has
limitations. The fact is we have not
had much success addressing
large-scale environmental
degradation such as global
warming or massive habitat
destruction. The treaties and
political agreements that get
approved lack teeth, and
enforcement is nonexistent.
In direct contradiction to
Hardin’s scoffing at moral
authority, Paul and Anne Ehrlich [6]
recently argued that the scale of
our environmental problems
demand that we change attitudes
and values, as well as strengthen
government regulations. Whereas
Hardin argued that environmental
morality could never be enough
and instead coercion was
necessary, the Ehrlichs argue that
coercion by itself will not work
unless there is a commitment to
changing social attitudes. They
also reject the charge that such a
call for attitude shifts is naïve.
They base their optimism on what
was accomplished by such
inspirational leaders as Martin
Luther King, Jr. And they
emphasize the need for a change
in attitudes because they see
consumption and fundamental
lifestyle choices as an underlying
environmental problem that cannot
be addressed by legislation.
Paul and Anne Ehrlich [6] remind
us that attitudes do change, and
basic ethical values do evolve,
with profound consequences for
the quality of life. The tragedy of
the commons may be real, but not
inevitable. It is unclear whether
ethical behavior is doomed to fail
as a foundation for a sustainable
environment, or alternatively that
we have not put a great enough
effort into teaching and promoting
an environmental ethic.
The tragedy of the commons is a
powerful essay. It is now
essentially a platitude that appears
in the majority of introductory
biological and environmental
textbooks. Unfortunately, in the
process of being canonized in our
textbooks, the tragedy of the
commons has escaped the arena
of public debate. It is an idea with
merit. No one would argue that we
abandon regulation and legislation
as a tool for environmental policy.
But discussions about restricting
certain behaviors — especially
reproduction, which is arguably
the behavior most in need of
restriction — have been avoided,
simply because they are too
politically sensitive. And the very
assumption that regulation is
sufficiently effective is now being
challenged. In the next fifty years,
the success of the environmental
movement may depend much
more on its ability to change ethics
and values, than its ability to lobby
for the Kyoto agreement. Some
might argue that the real tragedy
would be if we were to give up so
easily on the potential benefits of
changing societal attitudes and
values.
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Newts
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What are newts? Newts are
aquatic, tailed (urodele)
amphibians with a complex life
history. All urodeles are
salamanders, and newts are
salamanders which live in the
water as adults. Three species of
newt that are used in experimental
biology are Notophthalmus
viridescens, the red-spotted newt
from the United States (Figure 1),
Pleurodeles waltl, the Iberian
newt, and Cynops pyrroghaster,
the Japanese newt. Another
urodele used in the laboratory is
the axolotl, Ambystoma
mexicanum, which is a neotenic
larval salamander and not a newt.
Why are they called ‘newts’?
Newt is derived from ‘eft’, the
original word for these animals.
Eft is now used exclusively for the
terrestrial juvenile form.
What is their life cycle? During
their life, newts go through three
distinct stages: aquatic larval,
terrestrial juvenile and aquatic
adult. After larval metamorphosis
is completed and the gills are lost,
the juveniles leave the water.
During their terrestrial life,
Notophthalmus juveniles are 3–5
cm in size with reddish coloration
and are called ‘red efts’ (Figure 1).
During their land life, which lasts
between one to three years, the
efts become sexually mature.
After the second metamorphosis
the adults return to the water and
the coloration changes to a
greenish olive with red spots
along the dorsal side.
Why have newts been
attractive for research? First,
they provided the major focus for
amphibian embryology before the
era of Xenopus. Second, their
nuclei have a large haploid DNA
content, in the range of 20–40 pg.
Therefore, they offer large cells,
nuclei and chromosomes
including the particularly fine
lampbrush chromosomes in
growing oocytes. Lampbrush
chromosomes are elongated
diplotene bivalents which can be
a millimetre or more in length.
Third, they have extensive
regenerative ability as adults,
including in the central nervous
system.
What have newts contributed to
biology? Quite a lot, and in rather
different areas; here are a few
examples: Hans Spemann and
Hilde Mangold's experiments that
led to the discovery of the
embryonic organiser were
performed on newt embryos.
Roger Sperry's influential
experiment on neural specificity
was first reported on newts.
Sperry cut the optic nerve, rotated
the retina by 180 degrees,
challenged the regenerated animal
with a lure in the upper visual field
and found that the animal moved
to the lower field. Newts have also
contributed to cytogenetics and
cell biology. For example, Oscar
Miller obtained remarkable images
of ribosomal DNA transcription in
newt oocyte nuclei, and Joe Gall
demonstrated from the kinetics of
DNAse digestion of newt
lampbrush chromosomes that one
chromatid is maintained by a
single DNA double helix, and that
the axis (two chromatids) is
maintained by two helices. Conly
Rieder's work on microtubule and
spindle dynamics has exploited
the large flat newt lung cells. In
regeneration research, Goro
Eguchi and Tokindo Okada
demonstrated that during lens
regeneration pigment epithelial
cells of the iris can convert to lens
cells, a process they termed
‘transdifferentiation’. Finally,
Marcus Singer showed that
regeneration of the limb and
division of the limb stem cells is
dependent on an intact nerve
supply.
Which organs can they
regenerate? Adult newts can
regenerate their limbs and tail,
including spinal cord and sensory
ganglia, upper and lower jaws,
eye tissues, such as the lens and
retina, their intestine and small
parts of the heart. Although some
salamander species such as the
axolotl are excellent at
regenerating, they cannot
regenerate the lens. The only
other vertebrates known to be
able to regenerate the lens from
the dorsal iris are certain species
of cobitid fish, such as the loach. 
How do they regenerate? An
important aspect of non-neural
regeneration is the plasticity of
differentiated cells at the site of
injury. For example, adult
cardiomyocytes re-enter the cell
cycle, cells in the dorsal iris lose
their pigment, and multinucleate
skeletal muscle cells undergo
cellularisation into mononucleate
cells. This plasticity is a focus of
current interest for our
understanding of differentiation, in
addition to its relevance for
regeneration. Moreover, the
mechanisms underlying tissue
patterning are clearly critical
during limb regeneration. How
they are activated and deployed in
the growth zone or blastema of
the regenerating limb, and
precisely how this relates to limb
development remain questions of
great interest and importance.
So why can't we regenerate? It
is not understood why some
animals regenerate and others
apparently do not. Regeneration is
widespread in the animal kingdom
and it is often suggested to be a
basic attribute of animals that has
been lost secondarily. For
example, selection might be
stronger for mechanisms that
subserve the acute responses to
tissue injury, such as wound
healing or hemostasis. This might
compromise early events that are
important for regeneration. One
approach to address the question
of why we don’t regenerate is to
identify processes that occur
Magazine
R43
Figure 1. Notophthalmus viridescens, the red-spotted newt. Upper panel: an adult red-
spotted newt (courtesy of www.photovault.com). Lower panel: a red eft.
during regeneration in
differentiated newt cells, but not
in their mammalian counterparts.
There has been some progress
along these lines but not at the
level of pinpointing the genetic
differences. It is important to
remember that there are
examples, such as the axolotl
lens, where a particular tissue
does not regenerate even though
the animal is capable of
regenerating other structures.
Such a context may be more
favourable experimentally to
identify what makes a tissue
regeneration competent.
What about newts in literature?
There is the book ‘War with the
newts’ by the Czech author Karel
Capek, but granted a little
phylogenetic licence we prefer
‘Axolotl’, one of the incomparable
short stories by the Argentinian
writer Julio Cortazar. You are
visiting the Jardin des Plantes in
Paris, and standing in front of a
tank of strange beasts…
Where can I learn more?
For ‘Axolotl’, see www.cis.vt.edu/
modernworld/d/axolotl.html
For much interesting information about
amphibians see
www.amphibiaweb.org
For information about regeneration in
different systems see Nature
Encyclopedia of Life Sciences at
www.els.net
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Voltage-gated ion
channels
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Voltage-gated ion channels are
integral membrane proteins that
enable the passage of selected
inorganic ions across cell
membranes. They open and close
in response to changes in
transmembrane voltage, and play
a key role in electrical signaling by
excitable cells such as neurons.
Voltage-gated K+, Na+ and Ca2+
channels are thought to have
similar overall architectures. X-ray
crystallographic studies of
bacterial homologs have provided
considerable insights into the
relationship between channel
structure and function in various
classes of K+ channels, including
the voltage-gated (Kv) ones. But
despite these advances, the exact
structure of the Kv voltage sensor,
and how the Kv channel structure
changes in response to changes
in transmembrane voltage, remain
elusive.
Potassium channel architecture
When the cell membrane is
polarized, so that the interior of
the cell is at a negative voltage
relative to the exterior, Kv
channels remain closed. When the
membrane is depolarized, these
channels open rapidly (<1 ms),
allowing ions to flow passively
down their electrochemical
gradients, at near diffusion rates
(~10−8 ions sec–1). Kv channels
thus have two principal functions:
ion conduction, and voltage
sensing. Corresponding to these
two functions, Kv channel
subunits contain two distinct, but
functionally coupled
transmembrane domains (Figure
1A). The pore domain is
responsible for the ion selectivity
and conduction, and also for
channel gating per se, whereas
the voltage-sensing domain
triggers a change in conformation
of the pore domain in response to
changes in transmembrane
voltage.
Kv channels comprise four
subunits that encircle a central ion
conduction pathway. Each subunit
consists of six α helices (S1–S6)
with both amino and carboxyl
termini on the intracellular side of
the membrane. The first four
transmembrane helices (S1–S4)
form the voltage-sensing domain
(Figure 1B), whereas the last two
transmembrane helices (S5–S6),
along with an intervening re-
entrant P loop, form the pore
domain (Figure 1C). The re-entrant
loop contains a short pore helix
and an extended region of
polypeptide chain that contains
the characteristic sequence motif
TVGYG and forms the selectivity
filter.
Figure 1. 
(A) The transmembrane topology
of a Kv channel subunit, showing
the voltage sensor and pore
domains. The intact channel is
made up of four such subunits.
The intracellular (IC) and
extracellular (EC) faces of the
membrane are labeled. (B)
Structure of the voltage sensor
domain of the bacterial voltage-
gated channel KvAP (PDB code
1ORS), with the S4 helix in deep
blue, and helices S1 to S3 in pale
blue. (C) Structure of the pore
domain from KvAP (PDB code
1ORQ), with the P helix and filter
in cyan, and the S6 helix in green.
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